T HE beta-emitting radioactive isotopes provide lesions of predictable size in neural tissue. 1-~ The range of these particles is constant for each particular isotope. The dose delivered depends upon the rate of emission, the distance from the source, and the duration of contact with the tissue. As the activity of the source m a y be kept constant, the size of the lesion can be controlled accurately (up to its maximum) b y varying the duration of contact.
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This clinical simplicity is somewhat offset b y the inconveniences of obtaining from a nuclear reactor a new supply of isotope for each clinical application, for it is the rule that those isotopes with the more penetrating beta emissions have the shorter halflives. There is, however, one useful combination, strontium-90 and yttrium-90. Strontium-90 is one of the more a b u n d a n t fission products of uranium-~35. I t ordinarily is not available in isotopically pure form because of contamination with other stable fission products of strontium. The m a x i m u m available specific activity is about one-third the theoretical value of 145 curies per gram. Strontium-90 decays with a ~8-year half-life b y emission of a beta particle of moderate energy (Em~x~0.54 M E V ) to yttrium-90 which decays in turn to zirconium-90 with a half-life of ~.67 days by emission of a highenergy beta particle (E~a,~-~2.~7 M E V ) which has a range of about 11 ram. in water. Thus a Srg~ 9~ source delivers a high-energy beta on a virtually permanent basis. Its long Received for publication April -09, 1963 half-life makes contamination b y the material particularly dangerous (maximum permissible body burden of Sr 9~ is 1 #c) so t h a t for clinical use it m u s t be enclosed in an hermetically sealed applicator.
M e t h o d
The Srg~ ~~ Needle (Fig. 1) . Construction of such a source was undertaken by one of us (P.V.H.) at the Argonne Cancer Research Hospital in August 1961. Strontium sulfate was chosen as the most suitable stable compound which could be prepared easily and handled. Two hundred mc. of Sr 9~ as SrCl~ was obtained from Oak Ridge National Laboratory. The volume of this was reduced to 0.1 ml. and 0.1 ml. of concentrated H2SO4 was added to produce the sulfate. Ten ml. of ethanol added to this resulted in a coarse granular nonadherent precipitate. This was washed with three 10 ml. portions of diethyl ether to remove the excess H2SO4 and transferred as a suspension in ether to a steeply angled, polished, stainless-steel funnel soldered to a standard 4" No. 19 gauge needle, the tip of which had been welded shut, radiographed and tcsLed for leakage. Centrifuging this funnel carried a substantial portion of the precipitated strontium sulfate down to the tip of the needle. The ether and remaining precipitate were removed and the residual ether in the needle was driven off by gentle heat. The dry precipitate in the tip of the needle was Lamped down firmly with a wire obturator and was sealed in place by tamping down on top of it a small plug of soft indium metal. The remaining portion of the needle was freed from significant contamination by washing with water. The needle was unsoldered from the apex of the funnel, the lumen was occluded with a steel-wlre obturator and a conventional hub was soldered in place to provide a handle. All traces of 940 Nuclear Needle for Use in Neurosurgery   FIG. 2 (above) . High-energy beta particles travel faster in water than light travels in water. A glow is emitted (Cerenkov effect) in the area of most intease radiation (Srg~ 9~ 54 inc.) . FIG. 3 (below) . Autoradiogram shows maximum range of beta particles, in wax, (Srg~ 9~ 54 me.).
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remaining strontium were collected together and assayed, and, by difference, 54 mc. were determined to be in the tip of the needle. It is estimated that the thickness of the wall of the needle (19 gauge) has an absorbing capacity equivalent to about 1 89 mm. of tissue.
Physical Assay. Since the entire energy of the beta particles (E = 0.89 MEV) is dissipated in a very small volume, a very intense, very localized field of radiation is produced in the surrounding absorbing material (Figs. 2 and 3) . The absorption of the yg0 beta radiation is to a first-approximation exponential with a half-value layer of about 150 rag. per sq. cm. or 1.5 mm. in tissue. Combining this with the inverse-square attenuation the intensity of the dose of radiation falls off FIo. 4. Semilogarithmic graph showing dose delivered at increasing distances from the axis of the needle for periods of 5, 10, 15, 80 and 60 min. of exposure. The 2,000 tad line marks off the lethal dose in neural tissue (Srg~ 34 inc.).
